The pathology of 60 aged female SENCAR mice used as acetone controls in skin painting studies was studied. Fifty percent of the mice survived past 96 weeks of age. The major contributing causes of death identified in 42 mice were glomerulonephritis (8 mice), histiocytic sarcoma (7 mice), and other tumors (8 mice). Glomerulonephritis was found in the majority of mice and was associated with thymic hyperplasia, focal vasculitis, and lymphoid hyperplasia. Necropsy of 58 mice surviving past 50 weeks of age revealed that 41 had an average of 1.36 tumors per mouse. The most common tumors included histiocytic sarcoma (13 mice), pulmonary adenoma or adenocarcinoma (11 mice), mammary tumors (11 mice), follicular center cell lymphoma (4 mice), and hepatocellular adenoma (4 mice). The 13 histiocytic sarcomas appeared to arise in the uterus and metastasized to liver (9 mice), lung (4 mice), kidney (3 mice), and other tissues. Lung tumors were of the solid and papillary types, and tumor cells frequently contained surfactant apoprotein (SAP) but did not contain Clara cell antigens, suggesting their origin from alveolar Type II cells. A variety of nonneoplastic lesions, similar to those observed in other mouse strains, were seen in other tissues of these mice. Amyloid-like material was seen only in nasal turbinates and thyroid gland.
Introduction SENCAR mice were bred for increased sensitivity to skin initiation and promotion protocols (1) (2) (3) . They originated in 1959 from Rockland all-purpose mice that were inbred for sensitivity to skin initiation by 7,12-dimethylbenz [a] anthracene (DMBA) and promotion by croton oil. In 1971, these susceptible mice were outbred with Charles River CD-1 mice to produce hybrid vigor. These mice have been bred at Oak Ridge National Laboratory for use in skin carcinogenesis studies of 6 to 12 months duration. There have been no reports on the pathology of aging SENCAR mice, although several studies of the CD-1 mouse have been published (4, 5) . As part of a large study to characterize the possible skin initiating and promoting activities of formaldehyde (6), we maintained groups of female SENCAR mice for up to 100 weeks of age. There was no evidence that any of the tumors or lesions in these mice were associated with their exposure to acetone; they were considered to occur *Tumor Pathology and Pathogenesis Section, Laboratory of Comparative Carcinogenesis, Division of Cancer Etiology, National Cancer Institute, Frederick, MD 21701. tPresent address: Hazelton Laboratories, Vienna, VA 22180.
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naturally. In this paper, we describe the pathology of these aged mice.
Materials and Methods
For a large study to test the skin initiating or promoting properties of formaldehyde, 260 female SEN-CAR mice were obtained from Oak Ridge National Laboratory Animal Resources (Oak Ridge, TN) at 7 weeks of age. Sixty of these mice were used for the present study. They were placed in polyearbonate cages, 11.5 x 7.5 x 5 in. in size, on corn cob bedding. Water and Purina Lab Chow were available ad libitum. For 30 mice in experimental group 4B, 0.2 mL ofa 10% formalin solution (37-40% formaldehyde solution in acetone) was applied once to the back at 8 weeks of age. Four weeks later, 0.2 mL acetone was applied once weekly for 88 weeks. For 30 mice in experimental group 4D, 0.2 mL of acetone was applied twice weekly to their backs from 8 weeks of age for 92 weeks. These mice were weighed monthly. No untreated mice were available for aging studies. These groups are combined because all neoplastic and nonneoplastic lesions occurred with similar incidence in both groups and surival was similar. All surviving mice were sacrificed at 101 to 102 weeks of age, 93 to 94 weeks after initiation of the study.
After arrival from the supplier and at terminal sacrifice (100 weeks of age), serum samples were obtained from 2 and 15 mice, respectively, and sent to the Comprehensive Health Service of Microbiological Associates (Bethesda, MD). These samples were surveyed by hemaglutination-inhibition (HI) to test for antibodies to the following viruses: PVM, Sendai, Reo 3, K, polyoma, MVM, and GDVII; by complement fixation to test for antibodies to mouse adenovirus and LCM; and by ELISA to test for antibodies to MVM, PVM, Sendai, Ectromelia, and GDVII.
A complete necropsy examination was performed on each mouse. The majority of the major organs and gross lesions were fixed in 10% neutral buffered formalin. All major tissues, gross lesions, and selected other tissues were embedded in paraffin, and sections were cut at 4 to 6 ,um and stained with hematoxylin and eosin. For selected tissues, the avidin biotin peroxidase-complex (ABC) immunocytochemical technique was used (7, 8) with the Vectastain kits (Vector Laboratories, Burlingame, CA) to localize specific antigens with the use of antibodies to surfactant apoprotein (SAP) (7), Clara cell antigen (7) 
Pathology
Contributing Causes ofDeath. The major contributing causes of illness or death in 42 mice are presented in Table 1 . These determinations were based on gross and microscopic findings. Of these mice, 35% died from the effects of tumors, and 64% died from other causes. Glomerulonephritis was a major cause of death in eight mice, and two of these mice had generalized edema (nephrotic syndrome). Histiocytic sarcoma arising in the uterus and spreading to other tissues was the major lethal tumor type.
Neoplastic and Nonneoplastic Lesions. Of the 58 mice surviving past 52 weeks of age, 41 (70.6%) had an average of 1.36 tumors per mouse (Table 2 ). Many mice had a variety of nonneoplastic lesions as shown in Table   0 3. The major lesions and some unusual lesions are described according to organ system. One mouse receiving acetone twice weekly for 88 weeks had a papilloma at the site of application that appeared only at 92 weeks. Kidney. The primary renal lesion consisted of glomerulonephritis with a variety of secondary lesions. Glomerular lesions were scored as mild, moderate, or severe, depending on their extent and severity. In general, within a given kidney, glomeruli exhibited a variety of changes consisting of increased mesangial matrix and mesangial cells, thickened capillary loops, sclerosis, and hypertrophy of mesangial cell nuclei (Fig.  3) . Some glomeruli were involved in more acute processes characterized by fibrin deposition, mild neutrophilic infiltrate, and individual cell necrosis. A few cases had crescent formation, fibrosis, and obliteration of glomerular tufts. Immunocytochemically, we demonstrated mouse IgG and immunoglobulin kappa light chains within thickened glomerular capillary loops and within the mesangium (Fig. 4) after trypsinization of formalin-fixed kidney sections. Ultrastructurally, subendothelial and subepithelial electron-dense deposits were seen within thickened glomerular basement membranes (Fig. 5) . Obliteration of epithelial foot processes was also observed. Severe tubular degeneration and hyaline cast formation, although present in several animals, was not a prominent feature in most mice. The majority of mice, however, did have mild to marked lymphocytic and plasma cell perivascular cuffs around intrarenal arteries.
Hematopoietic System. Follicular center cell (Bcell) lymphomas of spleen and lymph nodes were found in four mice. With trypsinization of formalin-fixed tissue sections, immunoglobulin was seen focally within tumor cells. The primary nonneoplastic lesions involving the lymphoreticular system consisted of mild to severe lymphoid cell hyperplasia of both B-and T-cell zones. The thymuses in nearly all mice were very prominent (excessively so for 1-to 2-year-old mice) and had a mixture of cortical and medullary (follicular) lymphoid cell hyperplasia together with the proliferation of medullary epithelial cells and sometimes with small cyst formation. The spleens exhibited varying degrees of periarterial lymphoid sheath hyperplasia with associated lymphoid follicles. Also, the amount of myeloid metaplasia in the red pulp was frequently excessive. Lymph nodes sim- ilarly exhibited follicular and paracortical hyperplasia together with varying degrees of plasmacytosis. Myeloid metaplasia was also present in several nodes as well. These mice did not have skin tumors. Liver. Four hepatocellular adenomas and two basophilic foci were found in these mice. Generally, all nonneoplastic lesions noted were very mild. Patterns of focal necrosis varied from individual cell to larger, discrete portions of hepatic lobules, suggestive ofischemia. Livers with individual cell necrosis often had concurrent, mild, dense focal infiltrates of neutrophils or macrophages forming small, discrete granulomas. Livers with ischemic necrosis often had marked tumor infiltrate. Chronic inflammatory lesions consisted primarily of small, densely cellular focal infiltrates of lymphocytes with lesser numbers of plasma cells in portal areas around central veins or in parenchyma.
Respiratory Tract. Lung tumors displayed both solid and papillary patterns ( Table 2 ). The tumor cells frequently contained surfactant apoprotein (SAP), but never Clara cell antigen, when stained using the ABC technique. Of two solid tumors stained, both were immunoreactive for SAP and of five papillary tumors, one had foci of intranuclear reactivity for SAP. Nonneo- (Fig. 7) . Thirteen mice (22.4%) had this tumor. A few early histiocytic sarcomas were found in the uterus. We found a1-antitrypsin in some tumor cells (Fig. 8) The decrease in papillomas was primarily due to regression of the lesions and also to mortality. Uterine cystic endometrial hyperplasia was typical of that found in aged female rodents and varied from mild to severe with complete distortion of uterine architecture. One mouse had a severe necrotizing metritis, which contributed to early death. Ovarian cysts were present in nearly all animals and ranged from small cysts to very large thin-walled structures with complete loss of normal ovarian tissue. In many animals, a large cystic mass, distended with clotted blood, was present, often reaching up to 1 cm in diameter. Focal angiectasis was observed on the edge of a few of these hemorrhagic lesions.
Thirteen mammary tumors were found in eleven mice. After trypsinization and ABC immunocytochemistry, keratin was found in some tumor cells of several tumors, especially in focal areas of squamous metaplasia in the adenoacanthoma (Fig. 9) .
Cardiovascular System. The vasculitis involved primarily medium-size to large arteries, especially the ascending aorta. The distribution of inflammatory cells varied from multifocal to focally extensive infiltrates extending from the adventitia into the muscularis with a pattern typical of periarteritis nodosa. The perivascular inflammatory infiltrate consisted of small lympho- cytes, lymphoblastoid cells, macrophages, a few plasma cells, and neutrophils. The adjacent media exhibited varying degrees of hypertrophy and hydropic degeneration of smooth muscle cells and fibrinoid necrosis. In several animals, this inflammatory necrotizing process resulted in fatal rupture of the vessel wall. Endocrine System. Few mice had endocrine tumors ( Table 2 ). The three pituitary adenomas contained abundant immunoreactive prolactin (Fig. 10) . One tumor adhered to and/or invaded the brain parenchyma (Fig. 10 ). Pancreatic islet cell hyperplasia was seen in 35.4% of the mice. The enlarged islets contained diffuse immunoreactive insulin and focal somatostatin-and glucagon-containing cells (Fig. 11) , in a pattern identical to that of normal islets.
Carcinogenesis by 12-0-Tetradecanoylphorbol-13-acetate (5, 9) . The increased survival may have been due to a low incidence of generalized amyloidosis, a major lesion in CD-1 mice (4,9). The tumors found in our SENCAR mice occurred with similar incidence to that in CD-1 mice with some differences (5, 9) . Histiocytic sarcomas, mammary tumors, and lung tumors were common in both stocks of mice.
The glomerulonephritis was unexpected in SENCAR mice, considering the lack of occurrence of this important disease in CD-1 mice. We did, however, find amyloid-like deposits in the nasal cavity and thyroid. Glomerular lesions were not as severe as those seen in some lupus-like syndromes but resembled lupus because of electron-dense deposits in glomerular basement membranes, vasculitis, thymic hyperplasia (10, 11) , and nephrotic syndrome in a few mice. The association of CD-1 mouse amyloidosis, abnormal immunoglobulin synthesis, and glomerulonephritis in SENCAR mice may be related to defective immune functions in these stocks of mice. The possible important role of the immune system in ultraviolet skin carcinogenesis in mice (12, 13) suggests that the immune dysfunction in SEN-CAR mice may also be important for chemical carcinogenesis of the skin (14) .
Female SENCAR mice appear to have a very high incidence of histiocytic sarcoma. This tumor, a characteristic neoplasm of mice, has been variously described as reticulum cell sarcoma Type A (15) , histocytic lymphoma (16, 17) , and malignant schwannoma (18) on the basis of conventional histologic features. In female mice, these tumors often arise within the uterus. The specific cell of origin has not been identified, but tumor cells have been described as having histochemical and ultra-structural evidence of histiocytic differentation (16 Islet cell hyperplasia has been associated with obesity (19) . Finding insulin, glucagon, and somatostatin in anatomical patterns similar to those in normal islets differentiates the enlarged, islets from adenomas, which would have single hormones or multiple hormones in an abnormal anatomical distribution (20) .
TPA was previously reported to cause skin papillomas (1,2,21-23) and carcinomas (21) in SENCAR mice. TPA was first reported to cause skin papillomas in other strains of mice (26) (27) (28) (29) . Carcinomas were reported in fewer studies (26) .
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